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ABSTRACT

The statistics of the ECMWF database were used for the observation data of the two
stations of Semiram and Urmia during a 21-year period (1996-20016). In order to
investigate the effects of climate fluctuations, the daily data of dynamic micro-rotation
of the CORDEX project was used for the output of the ICHEC-EC-EARTH model
under the RCP8.5 and RCP4.5 radiative forcing (RCP) scenarios for the period (2017-
2037). By using the data of the stations and the outputs of the micro scale model, and
by using the perceptron neural network and linear regression, the performance was
simulated. Then, to evaluate the efficiency of the models, R, R2, MSE, RMSE, and
NRMSE statistics were used, and the non-parametric Menkendall test and age slope
were used for the performance trend. The result of comparing the output of artificial
neural networks with the linear regression model shows that the error rate of the neural
network is less and the simulated results are close to the real observations to a very
acceptable extent. The phenological stages, including bud blooming to fruit ripening in
the stations under both scenarios, and in all the phenological stages in the future period
will be completed earlier than the base period, and the length of the growth period will
also decrease. The amount of future yield in Urmia station under RCP4.5 and RCP8.5
scenarios respectively yield 3.7 and 2.2 tons per hectare and in Semiram station yield
1.4 and 3 respectively tons per hectare will decrease. The results show that in the future
in the study areas, with the change in the time of occurrence of the length of the growth
period, all the phenological stages as well as the declining performance of apple trees
will be subject to climatic fluctuations.
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Extended Abstract
Introduction

Fluctuations in any of the weather elements cause the variability of the yield of the product .Even when other factors of
crop production are at the optimal level, the change in weather elements can determine up to 50% variability in crop
performance. Therefore, a deep and accurate understanding of the effect of weather on the performance of agricultural
products greatly helps to adjust agricultural operations according to weather conditions. Cultivation of fruit trees and
garden products is a well-known advantage of the agricultural economy of Iran and the studied regions. One of the
major strategic horticultural products that has made Iran one of the exporting countries is apple production. Since the
knowledge of the performance of products is of particular importance for analyzing the effects of climate fluctuations
on the production of agricultural products, food security and providing appropriate adaptive solutions.

Data and Method

In this study, the ECMWF database has been used for observation data of Semirom and Urmia stations during 21-year
period (1996-2001).To understand and evaluate the accuracy of ECMWF data with the observation data of the Iranian
Meteorological Organization during the common time interval with the nearest point of ERA-Interim to the stations
studied, the Pearson Correlation Coefficient (R), Coefficient of Determination (R2), mean squared error (MSE), root
mean square error (RMSE), and normalized root mean squared error .

To investigate the effect of climate change on yield and Phenological stages, the daily micro scale dynamic data of the
CORDEX project with a precision of 44% * 44% for the output of the ICHEC-EC-EARTH model under the two lines
of 4.5 and 8.5 (RCP) was used for the period (2017-2037). In order to reduce the errors in the model estimates, the post-
processing action of the estimated events was fulfilled. Then, according to correlate each step of growing apples with
thermal operating temperature, length of growing season and vegetative stages of apple tree were calculated using GDD.

Artificial neural network

To predict the performance of neural networks with a multilayer perceptron (MLP) structure in the neural network, the
data are divided 70 to 30 for recalibration and evaluation of the final result; training and testing were repeated several
times until the error rate was minimized. The output error rate of the neural network model was the lowest by selecting
the three-layer perceptron model with one hidden layer and 8 input neurons and the sigmoid tangent driving function in
the hidden layer and the Marquarat-Lonberg (LM) training algorithm and the predicted values have the maximum
compliance with the measured values.

Results and Discussion

The statistical results between ERA-Interim data and observational data at the stations were examined and the accuracy
of the database data was confirmed for both stations In the next section, in order to select the best model for the studied
areas, the data of the base year of the growth season of the CORDEX project models was compared with the
observational data. The ICHEC-EC-EARTH model The ICHEC-EC-EARTH has a lower error rate than the other two.
Do post processing of historical events has been able to greatly increase the model's performance data.

The results from the comparison of the growth period of the base period and the estimated data at the stations under
both scenarios indicate a decrease in the growth period in the future, which their trend was not statistically verified.

The error estimators showed that the artificial neural network model has a lower error as well as a higher correlation
and coefficient of determination than linear regression.

Based on the results of the neural network, the future performance in Urmia station under RCP4.5 and RCP8.5 scenarios
is 3.7, 2.2 and maximum performance 2.3, 2 and 86.54, respectively. 1.1 ton per hectare will decrease. The amount of
future yield at Semiram station under RCP4.5 and RCP8.5 scenarios will decrease by 1.4, 3.1, and 3.1, 98.98 and 87.94,
1.91 tons per hectare respectively.



Conclusion

Based on the evaluation methods, the ECMWF data estimation error with observational data was negligible, and the
database data for the studied stations can be verified. The test of the models showed that the best artificial neural network
model for predicting the performance of apple trees for the studied stations by choosing the three-layer perceptron model
with Marquardt-Lonberg (LM) training algorithm has the best possible output. The result of comparing the output of
artificial neural networks with the linear regression model shows that the error rate of the neural network is less and the
simulated results are close to the real observations to a very acceptable extent. As a result, it can be said that the artificial
network has a good performance compared to the regression model. The results show that with the change in the time
of occurrence, the length of the growth period will cause changes in all phenology stages and also decrease the yield of
apple trees in the future, they will be subject to climate fluctuations in the region.
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